Photons and weak bosons do not interact strongly and, thus, their production yields provide direct tests of scaling with a number of binary nucleon-nucleon collisions in the heavy-ion environment. In addition, they should be sensitive to the nuclear modification of parton distribution functions (nPDF). Proton-lead collisions also provide an excellent opportunity to test nPDF in a less dense environment than lead-lead via looking at forward-backward production of weak bosons. The ATLAS detector has proven to be an excellent apparatus in measurements involving photons, electrons and muons, the latter being products of weak boson decays, in the high occupancy environment produced in heavy-ion collisions. The experiment has recorded 30 nb −1 of proton-lead data and 140 µb −1 of lead-lead data, both of which have similar integrated partonic luminosities. We present the prompt photon, Z and W boson yields as a function of centrality, and also differentially in transverse momentum and rapidity, in lead-lead and protonlead collisions from the ATLAS experiment. For W ± bosons, a lepton charge asymmetry has also been studied, which may also shed light on nPDF.
Introduction
Collisions between lead (Pb) ions at the Large Hadron Collider (LHC) are thought to create strongly interacting matter at temperatures well above the QCD critical temperature. The Relativistic Heavy Ion Collider (RHIC) has established [1] that at such temperatures, strongly interacting matter is expected to take the form of quark-gluon plasma (QGP). The energetic color charge carriers produced in hard-scattering processes during the initial stages of nuclear collisions are expected to lose energy in the QGP. Both RHIC and LHC experiments have reported a suppression of charged hadron yields by a factor of two at high transverse momenta in heavy-ion (HI) collisions [2, 3, 4] . On the other hand particles, which are created in hard scatterings and whose products do not interact via the strong force, provide an alternative means to investigate the phenomenon of energy loss in the QGP. Electroweak bosons (V = γ, W, Z) provide additional ways to study partonic energy loss in HI collisions. They do not interact strongly with the medium, thus offering a means to calibrate the energy of jets in V-jet events. Moreover, in principle, electroweak bosons are an excellent tool for studying nPDF in a multi-nucleon environment.
In this report, measurements on W, Z and γ boson production are discussed. They are based on the entire statistics of Pb+Pb or p+Pb data collected by the ATLAS experiment [5] in 2011 and 2013, respectively.
W boson production in Pb+Pb collisions
A measurement of W ± boson production in Pb+Pb collisions at √ s NN = 2.76 TeV has been carried out [6] by the ATLAS experiment at the LHC. A data sample, which corresponds to an integrated luminosity of 0.14 and 0.15 nb
for the muon and electron decay channels, respectively, has been analysed. This is approximately 20 times larger than the dataset employed in the CMS result [7] based on data taken in 2010. In addition, the electron decay mode of W ± bosons is explored in the HI environment for the first time. The W ± boson candidates are selected using muons or electrons with p T > 25 GeV and |η | < 2.5 in the final state in events with large missing transverse momentum, p miss T > 25 GeV, and large transverse mass of the charged lepton and p miss T system, m T > 40 GeV. This set of requirements defines a fiducial region, for which W ± boson production yields have been extracted after background subtraction and correction. Since the muon and electron channels agree, they have been combined. Figure 1 shows W + or W − boson production yields per minimum-bias collision and normalized to a number of binary nucleon-nucleon collisions, N coll , as a function of absolute pseudorapidity. The measurement is compared to LO* and NLO QCD calculations involving MRST, CT10 and EPS09 PDF. The EPS09 set [8] incorporates corrections to the PDF that account for contributions from shadowing, anti-shadowing, the EMC-effect, and Fermi-motion. Figure 2 shows the lepton charge asymmetry as a function of absolute pseudorapidity. Both the CT10 and EPS09 predictions describe the data well. Therefore, without further improvements in the theoretical and experimental uncertainties, the current measurement is unable to provide evidence of sensitivity to the nPDF. 
Isolated prompt photons in Pb+Pb collisions
The ATLAS experiment measures prompt photons [9] with its hermetic, longitudinally segmented calorimeter, which gives excellent spatial and energy resolution, and detailed information about the shower shape of each measured photon. This gives significant rejection against the expected background from neutral pions in jets. Rejection against jet fragmentation products is further enhanced by isolation criteria, which can be based on calorimeter energy or the presence of high-p T tracks. Photon yields, scaled by the mean nuclear thickness function, T AA , are measured in Pb+Pb collisions at √ s NN = 2.76 TeV as a function of collision centrality, transverse momentum (22 < p T < 280 GeV) and in two pseudorapidity intervals (central: |η| < 1.37, and forward: 1.52 < |η| < 2.37). Figure 3 shows the ratios of photon yields between the forward and central pseudorapidity bins. These ratios partially cancel out some of the systematic effects on the efficiencies and unfolding correction factors, mitigate the effect of the theoretical 2 uncertainties, and fully remove the uncertainties in T AA . The results are compared to Jetphox calculations for pp, Pb+Pb and EPS09 PDF. It is clear that there is some sensitivity to the nPDF, primarily through the expected depletion of photon yields in the forward direction expected when including the neutron PDF to match the isospin composition of the Pb nuclei. While the data are consistent with all three curves within the statistical and systematic uncertainties, a slight preference for the calculations incorporating isospin effects is observed. Figure 3 . Fully-corrected yields of prompt photons as a function of p T in 1.52 < |η| < 2.37 divided by that measured in |η| < 1.37 [9] . The yield ratio is compared to Jetphox predictions for three different configurations: for pp collisions (yellow area), Pb+Pb collisions with no nuclear modification (black line), and Pb+Pb collisions with EPS09 nuclear modifications (blue area). Statistical uncertainties are shown by the bars. Systematic uncertainties on the photon yields are combined and shown by the braces.
Z boson production in p+Pb collisions
The measurement of Z boson production [10] in p+Pb collisions at √ s NN = 5.02 TeV has been done. The Z bosons are reconstructed via di-electron and di-muon channels. Results from the two channels are found to be consistent, therefore, are combined to obtain a total cross-section of 144.1 ± 4.9 (stat.) ± 8.3 (syst.) ± 4.9 (lumi.) nb within the fiducial acceptance region defined by the Z boson invariant mass of 66 < m Z < 116 GeV and rapidity of −3.5 < y Z < 4.0. Figure 4 shows the combined p Z T and rapidity differential cross-sections alongside the baseline model 3 in which Z boson production is modeled through the incoherent superposition of many nucleon-nucleon collisions.
The p Z T distribution shows good shape agreement between the data and baseline. Unlike the baseline model, the data is not symmetric in rapidity, but displays a relative excess in the Pb-going beam direction. and dσ/dy Z (right) for Z → + − in the p+Pb data compared with CT10 (scaled to have the total crosssection predicted by MSTW2008 at NNLO) [10] . The lower panel is their ratio. The bars indicate statistical uncertainties and the shaded boxes represent systematic uncertainties. The systematic uncertainties are correlated bin-by-bin. There is an overall scale uncertainty of 3.4% stemming from the luminosity measurement that is not shown.
Conclusions
Measurements of electroweak bosons (W, Z, γ) have been reported based on Pb+Pb and p+Pb data from the AT-LAS experiment at the LHC. The results presented here clearly show the electroweak bosons are an excellent tool for gauging colour-charge interactions in QGP as well as for studying PDF in multi-nucleon systems. In the Pb+Pb system, further improvements in experimental precision are however needed to establish the existence of nuclear effects.
